ABSTRACT PURPOSE: Evaluation of colonic healing in spontaneously hypertensive rats.
Introduction
The anastomosis dehiscence is an important factor of morbidity and mortality in colorectal surgery. The healing is a similar process in all tissues, although the initial inflammatory response after injury, deposition of new collagen and subsequent maturation of the scar varies from tissue to tissue with differences in their evolution 1 .
Several works found that angiotensin II, via AT1 receptor, stimulates expression of transforming growth factor-β1 (TGF-β1), resulting in modification of the fibroblast to myofibroblast phenotype and contributing to tissue remodeling, wound healing, accelerates the proliferation and migration of keratinocytes and myofibroblasts 2 , and induce angiogenesis in healing skin 3 .
Some studies observed that the Brazilian average age had increased to 72.7 years in 2008. Global average age had reached to 67.2 years in 2008 4 . Hypertension (≥140/90 mmHg) has a prevalence of 22.3% to 43.9% in the Brazilian population 5 and 48.9% in the USA population aged up to 65 years old 6 .
As the same time, with the increased prevalence of hypertension in patients over 60 years, this population has by SUS (Unified Health System). It was observed that the average age was 60 years, which give us an idea the age group that is affected by this disease 9 .
Considering: a) the increase of life expectancy; b) the higher prevalence of hypertension in elderly population; c) colorectal cancer affects this age group and d) the literature is not clear if there are healing changes in the intestine, especially in the colon, we decide to evaluate the influence of hypertension on colonic healing.
It is not easy to separate the limiting of influence of aging and hypertension over the healing process. Thus, the aim of this study is to evaluate the healing of colonic young adult spontaneously hypertensive rats.
Methods
The study was approved by the Ethics Committee After an adaptation of period, animals were allocated randomly into sub-groups based on days after surgery: control (C) and surgery experimentation (E): C3, C7, C14, E3, E7 and E 14.
Surgical procedure
The animals were anesthetized with an intramuscular injection of 0.1 ml/100g body weight of a solution consisting of 1.0 ml of ketamine (50 mg/ml) and 1.0 ml xylazine (20 mg/ ml) as well as intra peritoneal 20 mg/kg thionembutal.
The procedure was a four cm suprapubic midline incision, colostomy and suture end to end 2.5 cm above the peritoneal reflection in a single plane, seromuscular, with eight suture points of interrupted 6-0 monofilament nylon and vascular needle of 1.7 cm, closed with four semi-us, aided by surgical loupe.
After laparorrhaphy and recovery of anesthesia, the rats were returned to their cages. Ten mg/kg of dipyrone was applied, intramuscularly, for analgesia. The animals received water and commercial standard food ad libitum until the measurement experiment date.
Euthanasia was performed with a lethal dose of thionembutal, intraperitoneally (120mg/kg) 10 .
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Angiotensin II quantification
The quantification of Angiotensin II was performed using the ELISA method (Enzyme Linked Immuno Sorbent Assay), following the RayBio ® Human Angiotensin II EIA Kit Protocol.
The plasma was collect after cardiac puncture. The range of read was 450 nm in a Life Lab MX PN 2001 ELISA reader.
Third, 7 or 14 days after surgical procedure, animals were killed with a lethal dose of thionembutal, intraperitoneally (120mg/kg). A new laparotomy was performed and evaluated for the presence of free fluid and the quality of it, abscess, anastomotic dehiscence and adhesions to it. The adhesions were classified, when present, as the engagement of the circumference of the anastomosis in up to 50% and more than 50%.
Burst pressure
A segment of colon measuring four centimeters in length, with centrally anastomosis has been removed without breaking any adhesion.
Anastomosis pressure resistance was measured by the inflation of 0.5 l/min of oxygen 12 . It was considered as resistance to inflation, the pressure recorded at the time of exhaust gas by the anastomosis or the intestinal wall.
Histological study
The intestinal pieces were embedded in paraffin; the sections were obtained with five micrometers of thickness stained with hematoxylin-eosin in which the epithelialization complete (when there was epithelial coverage against both edges of the wound) or incomplete, the inflammatory reaction and the organization of the layers of the intestinal wall disorganized (when there isn't continuity of the muscle layer, or were misaligned), organizing and organized (when presented as arranged in line, even without complete muscle regeneration).
The inflammatory reaction was assessed by the presence of polymorphonuclear infiltrate and monomorfonuclear, edema with vascular congestion, the degree of granulation tissue formation and fibrosis. The data were classified as sharp, moderate, slight or absent and transformed into quantitative variables (Table 1) . Vizzotto Junior et al. 13 The sum of these indices established a score of inflammation for each anastomosis. The median of the scores allowed classification into three sub phases of the inflammatory process ( Table 2) . 
Statistical analysis
The results were analyzed with the software SPSS v.14.0.
The Student T test for independent samples or the nonparametric 
Results
The MAP in the control group was 74.0 ± 11.5 mmHg and in the experimental group was 136.3 ± 13.2 mmHg (p<0.001).
The quantification of angiotensin II in the control group (C3, C7 and C14) showed a mean 2.61 ± 1.39 ng/ml and in the experimental group (E3, E7 and E14) showed a mean 2.53 ± 0.49 ng/ml (p=0.807).
Infections in the abdominal wall, peritonitis or dehiscence of the skin were not observed. There was no difference in incidence of intraperitoneal abscess, adhesions to the anastomosis and the extent of adherence to the anastomosis between sub-groups.
The burst pressure was not significantly different on the third day (p=0.127), seventh (p=0.054) and the fourteenth day (p=0.710) (Figure 1 ). When testing the resistance of the anastomosis, the rupture occurred on the third day on it and in other sub-groups showed no statistical difference between the rupture of the anastomosis and the bowel wall.
The presence of intramural abscess, edema, vascular congestion, granulation tissue and mononuclear cells showed no significant difference.
The evolution of epithelialization of the anastomosis was similar in both groups, as well as the organization of the coats of the intestinal wall.
Polymorphonuclear cells were more numerous in the control group on the third day (p=0.028) and at other times in similar amount in both groups.
The inflammatory process was more intense on the third day in the control group (p=0.023) and similar in other times (Table 3) . 
Discussion
The choice of spontaneously hypertensive rats (SHR) is its similarity with essential hypertension in human 14 , whereas in animals with induced hypertension, angiotensin is elevated, which could interfere with the results, since angiotensin II is involved in the healing process, both in a systemic way, as local 15 .
Despite the lower concentration of collagen, the aging did not increase the risk of left colon anastomoses in Wistar rats 12, 16 , nevertheless, still turned away from the influence of aging on the anastomosis studied, opting for the young animals.
The abdominal wound healing has not been influenced The pressure level of hypertensive rats in this experiment was lower than that observed in the literature 14, 17, 20 . This difference in value was probably due to the fact that they were obtained in anesthetized rats rather other authors that had obtained it with the conscious rats.
Hypertension in SHR rats have genetic origin and multifactorial. Schleiffer et al. 21 observed that the parathyroid glands are necessary for the installation process of arterial hypertension. Hashimoto et al. 22 suggested that the corticosteroid is essential for the development of arterial hypertension. Unger et al. 23 said that the increased sympathetic activity and exaggerated reaction of the smooth muscle in SHR rats, genetic factors often cited as being particularly active during the development of hypertension, would be less important after hypertension is established and that the renin-angiotensin system would constitute only one of several factors involved in genetic hypertension.
Norrelund et al. 24 concluded that the distal stenosis of the afferent arteriole at the age of 7 weeks contributes to the subsequent development of arterial hypertension. Reckelhoff et al. 25 suggests that hypertension is mediated by the renin-angiotensin system.
The angiotensin II accelerates the proliferation, migration and growth factor production by vascular endothelial cells.
Although it is suggested that angiotensin II has pro-angiogenic effect, its involvement and activation of the AT1 receptor on the healing needs further study. Kurosaka et al. 26 observed that the AT1a receptor activation enhances the expression of vascular endothelial growth factor (VEGF) and the formation of granulation tissue. Also, the AT1 receptor antagonists are commonly used as therapeutic agents, and patients who are using it may experience delayed healing.
In this study the determination of plasma angiotensin II was not significantly different, demonstrating that it did not interfere with data analysis.
The Laplace´s law (The larger the vessel radius, the larger the wall tension required to withstand a given internal fluid pressure), explains the rupture outside the anastomosis site, seen most often in groups C14 and E14. Anastomosis is the site which has smaller radius, so it has a higher resistance to the intestinal wall 27 . Biondo-Simões et al. 12 evaluated the healing of colonic Wistar rats with a mean age of 110 days and 762 days. Bowel suture held an inch from the peritoneal reflection and observed that the rupture occurred at the anastomosis on the third day after surgery. Although, rupture in the intestinal wall occurred on the seventh, tenth-fourth and twenty-first day after surgery.
The rupture pressure is influenced by the rate of inflation of the air or fluid in the isolated intestinal segment and if the adhesions were preserved or not 27 . In this study, O 2 flow was constant at 0.5 l/min and the adhesions were preserved in the intestinal segment removed to measure the rupture pressure. that epithelialization was complete on the fourteenth day after posteoperative day and that in the twenty-first day was completely recovered, it is possible to identify the site of anastomosis only the discontinuity of the muscular layer.
Biondo-Simões et al. 33 observed that the coats of the intestinal wall were partially organized on the fourteenth postoperative colonic anastomoses of young rats.
The score of the inflammatory process in colonic anastomosis Wistar rats also was studied by Bezerra et al. 30 They observed that 100% of the inflammatory processes in the acute phase were in the control group at the third postoperative day. On the seventh day, 60% were in the acute phase and 30% were in the subacute phase. The authors used for classification sub-acute in the range of the inflammatory process flows between -2.9 to +2.9
and in this study, we used the range between -3.0 and +3.0.
Spevak et al.

34
, on the fifth day after surgery, observed that the SHR had exudative process more prominent compared to normotensive controls, which prolonged the inflammation phase and showed a delay in the regeneration phase of healing. In this study, colonic anastomosis, occurred in the opposite way, where the experimental group on the third day after surgery showed subacute classification and control group were rated acute.
However, polymorphonuclear infiltrate influenced acute phase score. These cells are not essential to the healing process and can slows it 35 .
Biondo-Simões et al. 16, 18 observed progressive gain of collagen in the anastomosis area on the fourth, seventh and fourteenth days after surgery for bowel suture in Wistar rats in the control group. Tostes et al. 17 measured the concentration of hydroxyproline in the abdominal wall of SHR rats subjected to laparotomy, obtaining the progressive concentration of hydroxyproline, which is a good marker of the amount of collagen in tissue 36 , on the seventh and fourteenth day after surgery.
The proportion of collagen III in rats on the fourth, seventh and fourteenth days after surgery for bowel suture, in the control group was 19.0%, 22.8% and 23.8%, respectively 18 .
In another study, Biondo-Simões et al. 16 measured 17%, 23%
and 33% for the third, seventh and fourteenth postoperative day.
The proportion of type I collagen in Wistar rats on the fourth, seventh and fourteenth days after surgery for bowel suture, in the control group was 27.3%, 26.7% and 31.3%, respectively 18 .
In another study the proportion was 10%, 15% and 29% on the third, seventh and fourteenth day after surgery, respectively 16 .
Conclusion
Hypertension did not affect significantly the healing process of anastomoses of the left colon in rats in this experiment.
